Hemlock woolly adelgid (HWA) invasion and preemptive logging practices alter the 31 habitat structure of New England forests and may indirectly affect associated small mammal 32 communities. Microhabitat structure was measured and small mammals were censused in eight 33 large experimental plots to quantify and predict these effects 
Dramatic changes in forest structure caused by HWA invasion can shift ecosystem 66 processes and shifts in biodiversity. These shifts within the ecosystem affect taxonomic groups 67 differently. For example, loss of eastern hemlocks results in an increase in local ant species 68 diversity (Ellison et al. 2005b ), but a decrease in regional bird (Tingley et al. 2002) and 69 salamander (Siddig et al. 2016 ) population and occurrence. These inconsistent responses of 70 animal diversity to hemlock loss over varying taxonomic groups make it difficult to predict 71 how species will prevail after the loss of hemlocks, which are not expected to recover from 72 hemlock woolly adelgid invasion. This imminent loss of eastern hemlock foundation species 73
The Logged canopy manipulation was designed to mimic the effects of preemptive 119 logging (as in many forest management plans) or commercial hemlock-salvage. All 120 merchantable timber (hemlock, white pine, maple, birch, and oak) was harvested and removed. 
Sample Grid Layout 133
In 2012, I utilized a grid layout to examine the reduction of the eastern hemlocks on microhabitat 134 structure and small mammal community dynamics. Sampling grids spanned 0.49-ha with 135 sampling locations and trap stations placed 10-m apart in a 7 × 7 array within each of the two 136 Hemlock, Hardwood, Girdled, and Logged plots (n=392). Grids were paced in a way to cover the 137 most homogenous topography with the least amount of slope relief as possible. 138
139

Microhabitat Characteristics 140
Microhabitat characteristics were derived from digital photographs of the ground and canopy of 141 each trapping location taken during August 2013. One-m 2 quadrates were placed over the trap 142 location and then photographed to quantify small scale habitat characteristics that may affect 143 small mammals. The camera (Canon EOS 7D, Canon Inc.) was placed approximately 1m from 144 the ground to capture the entire 1m 2 quadrat. Canopy photos were taken from the same position 145 with the lens pointing to the canopy. Each ground photo (n=392) and each canopy photo (n=392) 146 was labeled and scored using ImageJ (1.42q Java 1.6.0_version 10). Fifty points were randomly 147 generated and overlaid on each digital photograph. The point location determined which 148 characteristics would be scored. Ground and canopy characteristics that may be important to 149 describe small mammal distribution included 1) rock, 2) soil, 3) woody debris, 4) leaf litter, 5) 150 fungi, 6) vegetation, 7) open canopy, which was open sky or no canopy cover, 8) high canopy, 151 which was characterized by canopy that was relatively far from the ground and considered old 152 growth, and 9) low canopy, which was characterized by the canopy that was near the ground and treatments. Traps were baited with sunflower seeds to decrease trap disturbance by common 176 regional predators (black bears, raccoons) and clean raw cotton was used for insulation. Traps 177 were set about dusk and checked about dawn to limit sampling to nocturnal small mammals and 178 to decrease stress caused by long term captivity. All traps were closed or folded down during the 179 day. 180
Captured rodents and shrews were identified to species based on external morphology. 181
Individual rodents were marked with colored non-toxic permanent ink. The color used was 182 chosen based on the treatment where the induvial was captured. Therefore, individuals were not 183 uniquely marked, but marks identified which treatment they were captured. Individuals were 184 released at the same trapping location in which they were captured. All traps were closed or 185 folded down during the day. 
Results
223
Microhabitat Characteristics 224
There was no significant difference in the percent of rock cover among Hemlock (1.94%, 225 SE= 0.39), Girdled (0.63%, SE= 0.33), Logged (1.04%, SE= 0.38), and Hardwood (1.29%, SE= 226 0.32) (F 3, 387 = 2.412, P = 0.066), but there was a significant difference between Ridge and Valley 227 blocks (F 1, 387 = 22.34 P< 0.00001; Figure 1A ). There was a significant difference in leaf litter 228 ground cover among treatments (F 3, 387 = 53.62, P<0.0001) and among blocks (F 1, 387 = 20.23, P< 229 0.0001, Figure 1B ). There was a difference in means among Hemlock (51.94%, SE= 1.90), 230
Girdled (24.84%, SE= 1.78), and Logged (33.10%, SE= 1.81), but there was not a difference in 231 means of percent leaf litter between Hemlock and Hardwood (51.29%, SE=2.06) ( Figure 1B) . 232
There was a significant difference in percent soil cover among treatments (F 3,387 = 22.587, 233 P< 0.0001), but not between blocks (F 1, 387 = 0.651, P= 0.42, Figure 1C ). There was a higher 234 percent of soil cover on average in the Hemlock (15.69%, SE=1.63) treatments and the lowest 235 percent of soil cover on average in the Hardwood (2.92%, SE= 0.66) treatment. There was no 236 difference in soil means between the Girdled (5.22%, SE= 0.79) and Logged (9.12%, SE= 1.34) 237 treatments ( Figure 1C) . 
Species Richness and Evenness 282
The observed small mammal species (i.e. rodents and shrews) varied slightly among 283 treatments (Figure 3 ). There were more species found in the Girdled (8) than in the Logged (7), 284
Hemlock (6), and Hardwood (6) treatments. Deer mice, white-footed, southern red-backed, and 285 short-tailed shrews (Blarina brevicauda, Gray 1838) were found among all treatments (Figure 3) . Hemlock woolly adelgid and logging increased the percent ground cover of vegetation, 336 but decreased the percent ground cover of leaf litter relative to hemlock controls. These 337 disturbances also deceased the amount of high canopy cover which allowed for an increase in 338 open canopy cover and low canopy cover. Heterogeneous changes in habitat structure caused by 339 invasive species can create patches of suitable and unsuitable habitat. These variations in habitat 340 or patch quality may influence the site occupancy (the probability that a particular species is 341 present at a site; MacKenzie et al. 2002) . While these disturbances may seem minor, they can 342 have detrimental effects on small mammal distribution, especially habitat specialists. 343
Overall, estimated species richness did increase in the Girdled treatment relative to the 344 Hemlock control (Figure 4 ) and there were more species represented in the Girdled treatment 345 than in the Hemlock control (Figure 3) . However, not all species that were sampled were found 346 in the Girdled treatment and several were rarely captured (Figure 3 ). For example, southern 347 flying squirrels were not captured in logged treatments at all and only one was captured in the 348 girdled treatment. This suggests that the presence or site occupancy of southern flying squirrels 349 may decrease as hemlock woolly adelgid continues to spread and destroy hemlock forests in 350 New England and southern flying squirrels will depend more on hardwood forests in the future. 351
Given that no southern flying squirrels were found in the logged treatments it seems safe to 352 assume that preemptive logging management would be equally devastating to these arboreal 353 rodents as girdling from hemlock woolly adelgid damage. Although northern flying squirrels 354
were not captured in this study, I predict that their populations would also decrease dramatically 355 as adelgid spreads northward. Unlike southern flying squirrels that utilize both hemlock and 356 hardwood stands (primarily hardwood), northern flying squirrels (Glaucomys sabrinus, Shaw 357 1801) depend on old growth forests (Ransome and Sullivan 1997) such as old eastern hemlock 358 forests. If the spread of the adelgid continues to increase northward as it is predicted, the 359 northern flying squirrels may not have time to adapt to the changing forests and the species could 360 be lost. 361
Community evenness of small mammals did not differ among treatments. This could be 362 due to the large variation of PIE estimates in the Hemlock controls. When PIE was separated by 363 block, there was a significant difference between PIE estimates in Valley (PIE = 0.43) and Ridge 364 (PIE = 0.76) Hemlock blocks. This suggests that slight changes in the landscape (elevation and 365 slope) may influence species distribution or at least influence capture ability of some animals. 366
Regardless of the community evenness, there were differences in the overall community 367 assemblage and species richness estimates between Girdled treatment and controls. Although 368 deer mice and white-footed mice populations were not affected by girdled and logged treatments, 369 the southern red-backed vole populations were positively affected by the disturbances (Figure 5) . 370
It seems that habitat generalists (e.g. deer mice, white-footed mice) may not be as impacted by 371 hemlock woolly adelgid and logging as habitat specialists (e.g. southern flying squirrels), which 372 would support previous studies (e.g. 
